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GENETIC VACCIHE TOR IMMUNODEHCIENCT VIRpSES 
„. Weld -I,. In».p>.-„ 

preventive care in medicine. Previ«„=T 

organisms and could «""ly from the infectious 

three broad LI "^nr::r " one of 

« ~t ..ccin.." >i:;^:zT:zr.^j:^iiTj.r 

actions, the administration of anv *k 
categories of these vaccines Is Inte^ded^o res^Tln 

^0 — e— 

::r::.i.tr=:: « 

infection, but will usuall, preve^e^l^ .^toToT 
d««.e sj^ptoms and significantly limit the xt^t / 
35 subseqn nt Inf ction. ' °* ^''^ 

«ablL'\':^^ o'f'f 

dev loped ^Mch Ir in '^'"'^'^ " ^« 

Ped Which ar u, various stage, of pre-cllnlcal and 
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clinical development. The intent of these efforts is not 
only to produce new vaccines for old diseases, but also to 
yield new vaccines for infectious diseases in which 
classical vaccine. development strategies have so far 
proven unsuccessful. Notably, the recent identification 
and spread of immunodeficiency viruses is an example of a 
pathogen for which classical vaccine development 
strategies have not yielded effective control to date. 

The first broad category of classical vaccine is live 
attenuated vaccines. A live attenuated vaccine represents 
a specific strain of the pathogenic virus, or bacterium, 
which has been altered so as to lose its pathogenicity, 
but not its ability to infect and replicate in humans. 
Lxve attenuated vaccines are regarded as the most 
effective form of vaccine because they establish a true 
infection within the individual. The replicating pathogen 
and xts infection of human cells stimulates both humoral 
and cellular compartments of the immune system as well as 
long lasting immunological memory. Thus, live attenuated 
vaccines for viral and intracellular bacterial infections 
stimulate the production of neutralizing antibodies as 
well as stimulating the production of cytotoxic 
t-lymphocytes (CTLs), usually after only a single 
inoculation. The ability of live attenuated vaccines to 
stimulate the production of CTLs is believed to be an 
important reason for the comparative effectiveness of live 
attenuated vaccines. CTLs are recognized as the main 
component of the immune system responsible for the actual 
clearing of viral and intracellular bacterial infections. 
CTLs are triggered by the production of foreign proteins 
in individual infected cells of the hosts, the infected 
cells processing the antigen and presenting the specific 
antigenic determinants on the cell surface for k 
immunological recognition. The induction of CTL immunity ' 
by attenuated vaccines is due to the establishment of an 
actual, though limited, infection in the h st cells 
including the production of foreign antigens in the 
individual infected cells. The vaccination process 
resulting from a live attenuated vaccine also results in 
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the induction of immunological memory, which manifests 
xtself in the prompt expansion of specific CTL clones and 
antibody-producing plasma cells in the event of future 
exposure to a pathogenic form of the infectious agent 
resulting in the rapid clearing of this infection and' 
practical protection from disease. 

An important disadvantage of live attenuated vaccines 
IS that they have an inherent tendency to revert to a new 
virulent phenotype through random genetic mutation 
Although statistically such a reversion is a rare event 
for attenuated viral vaccines in common use today, such 
vaccines are administered on such a large scale that 
occasional reversions are inevitable, and documented cases 
of vaccine-induced illnesses exist, m addition, 
complications are sometimes observed when attenuated 
vaccines lead to the establishment of disseminated 
infections due to a lowered state of immune system 
coiapetence in the vaccine recipient. Further limitations 
on the development of attenuated vaccines are that 
appropriate attenuated strains can be difficult to 
identify for some pathogens and that the frequency of 
nmtagenic drift for some pathogens can be so great that 
the risk associated with reversion are simply 
unacceptable. A virus for which this latter point is 
particularly well exemplified is the human 
Unmunodeficiency virus (HIV) in which the lack of an 
appropriate animal model, as well as an incomplete 
understanding of its pathogenic mechanism, makes the 
Identification and testing of attenuated mutant virus 
strains effectively impossible. Even if such mutants 
could be identified, the rapid rate of genetic drift and 
the tendency of retroviruses, such as HIV, to recombine 
would likely lead to an unacceptable level of instability 
in any attenuated phenotype of the virus. Due to these 
35 complications, th production of a liv attenuated vaccine 
for certain virus s may be unacceptabl , even though this 
approach fficiently produces the desired cytotoxic 
cellular immunity and immunological memory. 
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The second category of vaccines consists of killed 
and subunit vaccines. These vaccines consist of 
inactivated whole bacteria or viruses, or their purified 
components. These vaccines are derived from pathogenic 
viruses or bacteria which have been inactivated by 
physical or chemical processing, and either the whole 
microbial pathogen, or a purified component of the 
pathogen, is formulated as the vaccine. Vaccines of this 
category can be made relatively safe, through the 
inactivation procedure, but there is a trade-off between 
the extent of inactivation and the extent of the immune 
system reaction induced in the vaccinated patient. Too 
much inactivation can result in extensive changes in the 
conformation of immunological determinants such that 
subsequent immune responses to the product are not 
protective. This is best exemplified by clinical 
evaluation of inactivated measles and respiratory syncytil 
virus vaccines in the past, which resulted in strong 
antibody responses which not only failed to neutralize 
infectious virions, but exacerbated disease upon exposure 
to infectious virus. On the other extreme, if inactivated 
-procedures are kept at a minimum to preserve 
inmmnogenicity, there is significant risk of incorporating 
infectious material in the vaccine formulation. 

The main advantage of killed or subunit vaccines is 
that they can induce a significant titer of neutralizing 
antibodies in the vaccinated individual. Killed vaccines 
are generally more immunogenic than subunit vaccines, in 
that they elicit responses to multiple antigenic sites on 
the pathogen. Killed virus or subunit vaccines routinely 
require multiple inoculations to achieve the appropriate 
priming and booster responses, but the resultant immunity 
can be long lasting. These vaccines are particularly 
effective at preventing disease caused by toxin-producing 
bacteria, wher the mode of protection is a significant 
titer of toxin n utralizing antibody. The antibody 
response can last for a significant period or rapidly 
rebound upon subsequent infection, du to an ^anamnestic or 
AepondaJT sesc nse. On the oth r hand, th se vaccines 
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generally fan to produce a cytotoxic celimar im^, 
response, „aWng them less than id al tor preventing viral 
d«eas. Since cytotoxic lymphocytes are the prijy 
vehicle tor the elimination of viral infections, anf 
vaccine strategy which cannot stimulate cytotoxic cellular 
-nuhity is usually the less preferred me^odoL; for a 
Virus disease, thereby resulting in attenuated vL, being 
the usual methodology of choice. ^ 
The development of recombinant DNA technology has now 
XO made possible the heterologous production of any^rotLn 
of a microbial or viral pathogen, or part thereof! to be 
used as a vaccine. The vaccine constituents thus do not 

itself, in theory, for example, viral surface 
glycoprotein, can be produce! in eukaryotic expression 
systems in their native conformation for proper 
^o,«.icity. However, in practice, recombinant viral 
^otein constituents do not universally elicit protecting 
antibody response., mther, as with killed vaccines, 
celluia, ^toxic immune responses are generally not seen 
after inoculation with a recombinant subunit protein 
Thus, While this vaccine strategy offers an ef^ct.:e way 
Of producing large ^tities of a safe and potentiHiy ' 
i-unogenlc viral or bacterial protein, such vaccine. L 

«ay not be the best choice for providing protection 
against viral disease. 

t. '""'^"^'y recombinant DH» technology and 

the developments in immunology have led to the 
i-"nological fin. mapping of the antigenic deter»inants 
Of various microbial antig«,.. ,t is now theoretically 
possible, therefore, to develop ch«,acally synthetic 
vaccine. bas«l on short peptide, in which each peptide - 
represents a distinct epitope or determinant. Progress 
has been made in identifying helper T-cell determinants. 
Which ar mstrum ntal in driving B-cell or antibody 
"»«me r spouses. Th covalent linkage of a helper T-cell 
P Ptid to a peptide repr senting a B-cell epitope, or 
antibody binding sit , can dramatically increase the 
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immunogenicity of th B-cell epitope. Unfortunately, many 
natural antibody binding sit s on viruses are 
conformationally dependent, or are composed of more than 
one peptide chain, such that the structure of the epitope 
5 on the intact virus becomes difficult to mimic with a 

synthetic peptide. Thus peptide vaccines do not appear to 
be the best vehicle for the stimulation of neutralizing 
antibodies for viral pathogens. On the other hand, there 
is some preliminary evidence that peptides representing 
the determinants recognized by cytotoxic T-lymphocytes can 
xnduce CTL8, if they are targeted to the membranes of 
cells bearing class I major histocompatibility (MHC) 
antigens, via coupling to a lipophilic moiety. These 
experimental peptide vaccines appear safe and inexpensive, 
but have some difficulty in mimicking complex three 
dimensional protein structures, although there is some 
evidence that they can be coaxed into eliciting cytotoxic 
immunity in experimental animals. 

Another new recombinant technique which has been 
proposed for vaccines is to create live recombinant 
vaccines representing non-pathogenic viruses, such as a 
vaccinia virus or adenovirus, in which a segment of the 
viral genome has been replaced with a gene encoding a 
viral antigen from a heterologous, pathogenic virus. 
Research has indicated that infection of experimental 
animals with such a recombinant virus leads to the 
production of a variety of viral proteins, including the 
heterologous protein. The end result is usually a 
cytotoxic cellular immune response to the heterologous 
protein caused by its production after inoculation. Often 
a detectable antibody response is seen as well. Live 
recombinant viruses are, therefore, similar to attenuated 
viruses in their mode of action and result in immune 
responses, but do not exhibit the tendency to revert to a 
more virul nt phenotype. On the other hand, th strategy 
is not without disadvantage in that vaccinia virus and 
adenovirus, though non-pathogenic, can still induce 
pathogenic inf ctions at a low frequency. Thus it would 

not be indicated for nn» wi>h irrmuntx^nr^^r^ynmi 
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xndxvxduals, du to the possibility of a catastrophic 
dxsse.xnated infection, m addition, the ability of these 
vaccnes to induce i^unity to a heterologous prlteL IT 

liriZT" ^"-^^^"^"^ ^--^^y to the'caxrieV ' 
vxrus thus preventing a successful infection v,ith the 

several atrategie. e^,^ n=n-r.pUcati„, antlgan.^!; 
theae str.t.,le. can be u.«, for the induction of aer^ 
antlbodie, which be neutralizing, auch vaccinea 

«in«y. Por viral diaeaae, attenuated viruses are 
regarded as the «,.t effective, due to their ability to 
produce potent cytotoxic i,,™>nity and lasting 
i«»m,ological .Mmory. However, safe attenuated vaccines ' 
cannot be developed for .11 viral pathogens. 

It la therefore desirable that vaccines be developed 
Which are capable of producing cytotoxic l^unlty 
™mologic.l a»Bory a. well as the production of' 
Circulating antibodies, without having any unacceptable 

T.llSTT''"'' " ^ "«»«^^-tLn Of 

the vims in the vaccinated individual. 

The present invention Is su-Mrlsed in that an animl 

■LthT"'^'^/'*'"* ' ^ " vaccinatl" 

method including the steps of preparing copies of a 

foreign genetic construction Including a promoter 

operative in cell, of the animal and a protein coding 

region coding for a determinant produced by the virus 

coating the copies of the foreign genetic construction 

onto carrier particle, small i„ size m relation to the 

size Of th cells of the animal, and acc leratln, L 

coated carrier particles into cell, of th ani»l i„ vivo. 

Th pres nt invention is also .u-arlzed m tl^TT 

gen tic vaccine for the human immunodeficiency .virus (HIV) 
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is created by joining a DNA sequence encoding all of the 
open reading frames of the viral genome, but not the long 
terminal repeats or prim r binding site, to a promoter 
effective in human cells to make a genetic vaccine and 
then transducing the genetic vaccine into cells of an 
individual by a particle mediated transfection process. 

It 18 an object of the present invention to enable 
the induction of a cytotoxic immune response in a 
vaccinated individual to a viral pathogen through the use 
of a genetic vaccine. 

It is a feature of the present invention in that it 
is equally adopted to either epidermal or mucosal delivery 
of the genetic vaccine or delivery into peripheral blood 
cells, and thus may be used to induce a serum as well as a 
mucosal antibody response in the treated individual. 

It is an advantage of the genetic vaccination method 
of the present invention in that it is inherently safe, is 
not painful to administer, and should not result in 
adverse consequences to vaccinated individuals. 

Other objects, advantages and features of the present 
invention will become apparent from the following 
specification. 

Brief DeflrT-ip^-^'on of tha Drawings 
Pig. 1 is a plasmid map, showing genes and 

restriction sites, of the plasmid pWRG1602. 

Pig. 2 is a plasmid map of the genetic vaccine 

plasmid pCHIVpAL. 

Fig. 3 is a graphical illustration of some of the 
results from one of the examples below. 

Pig. 4 is a graphical illustration of the results 
from another of the examples below. 

Description of th^ Pf^^f erred Bn.hoH,-^^»- 
The present invention is intended to create genetic 
vaccines for viruses, notably the immunodeficiency 
viruses, by transfecting somatic cells in th animal to b 
immunized with a gene sequence capable of causing 
expr ssion in cells of the animal the antigenically 
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correct proteins from the pathogenic virus, th gene 
sequence not including elements of th viral genom 
necessary for viral replication or pathogen sis. The 
introduction of such a genetic vaccine construction into 
animal somatic cells is intended to mimic the actions of 
attenuated or live recombinant viruses without the risk of 
pathogenic infection in either healthy or 
immune-compromised individuals. The introduction of the 
genetic vaccine will cause to be expressed within those 
cells the structural protein determinants associated with 
the virus particle. The processed structural proteins 
will be displayed on the cellular surface of the 
transfected cells in conjunction with the major 
histocompatibility complex (MHC) antigens of the normal 
15 cell. The display of these antigenic virus determinants 

xn association with the MHC antigens is intended to elicit 
the proliferation of cytotoxic T-cell clones specific to 
the viral determinants. Furthermore, the structural 
proteins released by the expressing transfected cells can 
also be picked up by antigen presenting cells to trigger 
antxbody responses. The genetic vaccine construction 
capable of eliciting this immune response is preferably 
delivered into the transfected cells by means of an 
accelerated-particle transformation system. 

For several reasons, the genetic vaccine approach of 
the present invention is particularly advantageously used 
for vaccination against immunodeficiency viruses, such as 
human immunodeficiency virus (HIV) and related animal 
viruses, simian immunodeficiency virus (SIV) and feline 
30 immunodeficiency virus (FIV). The HIV virus does not lend 
Itself to attenuated vaccine approaches due to the 
inherent possibility of reversion of mutated forms of this 
virus. While viral protein subunit vaccines for these 
viruses are under development, such subunit vaccines 
35 cannot produce a cytotoxic response, which may be 

necessary to prevent th establishm nt of HIV infection or 
HIV-related dis as . The use of a g netic vaccine 
transfection strategy as d scribed here would trigger a 
cytotoxic r spons . Also this vaccine approach allows for 
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delivery to mucosal tissu s which may aid in conferring 
resistance to viral introduction, which with HIV is 
believ d to sometimes occur through mucosal membranes. 

In order to achieve the cellular immune response 
sought in the vaccination process of the present 
invention, a genetic vaccine construction must be created 
which is capable of causing transfected cells of the 
vaccinated individual to express the major antigenic 
determinants from the virus. This can be done by 
identifying the coding regions for the various proteins 
which are encoded by the genome of the virus, creating a 
synthetic coding sequence for each such protein, and 
joining each of such coding sequences to promoters capable 
of expressing the sequences in mammalian cells. 
15 Alternatively, the viral genome itself can be used. For a 
retrovirus, the coding sequence can be made from the DNA 
form of the viral genome, the provirus, as long as the 
provirus clone has been altered so as to remove from it 
the sequences necessary for viral replication in 
infectious processes such as the long terminal repeats and 
the primer binding site. Such a provirus clone would 
inherently have the mRNA processing sequences necessary to 
cause expression of all of the viral structural proteins 
in transfected cells. 

The viral genetic material must be altered to prevent 
the pathogenic process from beginning. The method of 
altering the virus will vary from virus to virus. The 
immunodeficiency virus is a retrovirus carrying its 
genetic material in the form of rh&. During the normal 
infection process, the RNA is processed by an enzyme, 
referred to as reverse transcriptase, which converts the 
RNA sequence of the virus into a DHA form, known as the 
provirus. The provirus for the human immunodeficiency 
virus (HIV) has as many as a dozen op n reading frames, 
35 all of which are translated to produc proteins during the 
infectious process. Some of the proteins are structural, 
and thers are regulatory for st ps in th infectious 
proc ss. As it happens, all of the proteins produc d from 
the provirus are actually produced from a s.inrtio mpua 
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precursor which is differentially sdIIc^h . 

translate.1 into the various protein, expre, " 
vxrus^ Advantageously, It would ^ helpful M tL 
5 transfected cell utlU.ed In the vaccination process ot 
the present Invention expressed as ™any o£ the vLai 
structural proteins as possible AccoL- , 
Cesirabl. to use as ^ch as ^ssibiroTtH". " """^ 
the genetic vaccine coding seguen" for th " 
" vaccine, as.u^ng only tha't su^ t po«^^^^^^^^^^^ 
removed from the provirus so ac fr. /""^'^"^ 

initiating a .iraf reflation 3taae"iT °^ 
individual. ^® ^" * vaccinated 

- vith :.:z'T^T7^ :!LsriTb"!sr 

that the infectious viruses T^l^^TZZl 
•lenents necessary for replication of the v!^! 
taown a, the long terminal repeat (Lror^ll™ , ' ' 
Pri-er binding site, a„. I'Zir^T" 

0 the native provirus seguence. The ^^k","" T' °' 
the Site on the viral m where ™ ' 
-ral and binds to it''r:e:ve't r^l'lj^ 

reirtr'aS't^r^" 

the LTR. or the pri^r binding site would i^^ ^ 

2di T' '"'^ '''^ ™' the prLIr 

binding site £ro» the DNA provirus «.sur.. thH^hl 

-ral^replicat^on or th. encoding of pathogenic viral' 

Thus, the use of intact viral coding regions for 
structural and regulatory proteins is prefe^^for L 
present invention, both for reasons of conve^^nt L«. 
..ccine ..se.*ly and to ensure th correct prZtloTof" 
as ^y Viral proteins as possible to effecti^elv « 
natural l„f«=tion. However, in so^ in," Is ^ ^^be' 
desirable and sufficient to express only one or a TZ 
viral protein, with „t producing the whole set of vi'al 
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proteins. This can be done by assembling an individual 
expression vector for each desired viral protein using 
Standard recombinant techniques. 

TO properly express the viral genetic sequence in 
5 transfected cells, a promoter sequence operable in the 

target cells is needed. Several such promoters are known 
for mammalian systems which may be joined 5', or upstream, 
of the coding sequence for the protein to be expressed. A 
downstream transcriptional terminator, or polyadenylation 
10 sequence, may also be added 3' to the protein coding 
sequence. 

In order to be effective as a genetic vaccine, a 
method is required to deliver the genetic sequence 
encoding the viral proteins into the cells of the 
15 individual sought to be immunized. There are several 
techniques by which genes can be delivered into the 
somatic cells of mammals subject to immunodeficiency viral 
disease. Known techniques include direct dna injection, 
use of retroviral vectors to deliver genetic sequences 
into somatic cells, or the delivery of DNA in liposomes or 
other encapsulation agents which can direct the delivery 
of the encapsulated DNA into one or more cell types of a 
susceptible individual. However, it is preferred for the 
present invention that the DNA be transferred into the 
susceptible individual by means of an accelerated particle 
gene transfer device. The technique of 

accelerated-particle gene delivery is based on the coating 
of genetic constructions to be delivered into cells onto 
e«remely small carrier particles, which are designed to 
be small in relation to the cells sought to be transformed 
by the process. The coated carrier particles are then 
physically accelerated toward the cells to be transformed 
such that the carrier particles lodge in the interior of 
the target cells. This technique can be used either with 
cells in vitro or in.vivo. At some frequency, the DNA 
whxch has b n previously coated onto the carrier 
particl 8 is expressed in the target cells. This gene 
expression technique has been demonstrated to work in 
procaryotes and eukary tes, from bacteria and yeasts to 



20 



25 



wo 93/17706 

PCr/US93/02338 

.. -13- 
ftigher plants and animals. Thus fh» . , 
partlol. m »K~. ' ^* accelerated 

P«tiole m thod provides a convenient methodology for 
delivering genes into the cells of a «ide variZ of 
tissue types, and offers the capability of leUveri' 

^0 :«rXa\'t^^^^^^^^ » arc::; 

Biorad Laboratories Z "/"""'"^'^^ commercially from 

^-ooratories. An alternative approach to an 
accelerated particle transformation appLatus xs di . 
- U.S. Patent No. 5,015.580 which, wSird^c^ed^^:^^^^^^ 
transformation of soybean olants Hoo -w ^° ^^e 

" -.ch i, e^aiiy 

and intact whole mammals. «™«xxan cells 

dronlf^ specifically envisioned that aqueous 

droplets containing naked DHA, including the ZlTL 
vaccine therein, can be delivered by suIt^L ^ / 
20 techniques into the tissues of t.h« acceleration 
vaccinated. At sole f !! individual sought to be 

taken up in Z ZlllZZlr'"' """"" ^ 
The term transfected is used herein i-^ 

Chan,,. i„ ^L^^'\::::.;:jr 

-vered in a non-it^e^ ' --Ta^X^:^ ^ 
susceptible tissue types in order to achiev:^ desired 
antigenic response in the individual Mo., . . 

" sthTr ^""^ - -Tth^^r' 

Such d Ixvery it has been found, will Drod»,.o 

cytotoxic immune response. To obtain additional 
.ffeotiveness from this techni<i„e, it may also be 
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desirable that the genes be delivered to a mucosal tissue 
surface, in order to ensure that a mucosal as well as a 
systemic antigenic response is produced in the vaccinated 
individual. It is envisioned that there are a variety of 
suitable delivery sites available including any number of 
sxtes on the epidermis, peripheral blood cells, i.e. 
lymphocytes, which could be treated iii vitro and placed 
back into the individual, and a variety of oral, upper 
respiratory, and genetal mucosal surfaces. 

The adequacy of the immunodeficiency virus vaccine 
expression vectors to be transfected into cells by 
accelerated particle transfection processes can be 
assessed by assaying for viral antigenic production in 
mammalian cells In vitro. Susceptible mammalian cells of 
a cell type which can be maintained in culture, such as 
monkey COS cells, can be transfected in vlfa-n by any of a 
number of cell transfection techniques, including calcium - 
phosphate-mediated transfection, as well as accelerated 
particle transfection. Once the genetic vaccine 
expression vector is introduced into the susceptible 
cells, the expression of the viral antigens can then be 
•monitored in medium supematants of the culture of such 
cells by a variety of techniques including ELISA, Western 
blotting, or reverse transcriptase assay. 

After confirmation that a given expression vector is 
effective in inducing the appropriate viral protein 
production in cultured cells ia vitro , it can then be 
demonstrated that , such a vector serves to induce similar 
protein production in a small animal model such as the 
30 mouse. The measurement of antibody and cytotoxic cellular 
immune responses in mice in response to such a genetic 
vaccine would be an important demonstration of the concept 
and justify the initiation of more rigorous testing in an 
appropriate animal challenge mod 1. 

Once it is determined that the genetic vaccine is 
capable of inducing viral protein production and immun 
r sponses in small laboratory animals, it then becomes 
necessary to determine the dosage and timing suitable to 
produce meaningful immune responses in an animal model for 
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hun«n ™unode£i=ie„cy dis as . This can be don „ost 
effectlv ly usl„, th. siv and rhesus ^ca^e „odel 
Animals vould receive several doses of the expression 
construes by accelerated particle trans fectloTtLli^es 
at a variety of tissue, sites. The treated tissue slt« 
would include, but would not be llMt^i to, the enide™ 
aer^s (through the eplder»l3,, the oral Z lZl' 

respiratory .ucosa, and peripheral blood cell. lllZ 

I^ir'^ T"^"^" """" ^ ~ and 

timng of doses of a genetic vaccine would be 

systematically varied 1„ order to opti^se any resultlnn 

i«no,.„ic response, and to deter-ine which dos^^e " ' 

routine, resulted in n^i^ response. Antibody responses 

in the treated individuals can be detected by any of thl 

*nown technicp.e, for recognising antibodies to s^cific 

Z^"^' ""^ "'"em blot' Ld 

^SA techni,p.es. It is also possible to detect the cell 
-Uated cytotoxic response, using st««,ard nethod^Lres 

st:^fi" 1?" ^oiogic.1 : io^::^. 

specifically, the presence of cytoto;tic T-cells in the 
spleen or peripheral blood can be indicated by the 
presence of lytic activity, which recognizes 
histocompatible target cells which are themselves 
ex^essing the viral antigens from the immunodeficiency 

a.n«r" "^li-'-ry Of a 

genetic vaccine for human Immunodeficiency disease and th. 

in an «a«al model and later confirmed in clinical 
studies, it is difficult at this point to predict the 
precise mann«: in which such a vaccine would be ua«i m .n 

i?": enTt'^''^ """" ' 

i. intended to mimic the effects of a live attenuated or 

recombinant viral vaccine without any risks of 
pathogenicity, it is cone ivabl. that such a vaccine would 
not only b useful in the induction of protective i^unity 
in naiv individuals, but would also be indicated for use 
in HIV-infect«l, immune compromis«J individuals for the 
Burpoae of «i-Kf(n(„n„ booatlnn fh.<_ • 

ly ooosting their immune status to 
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forestall or impede the progression of disease. It is 
also important to consider that no single vaccine strategy 
may in itself be capabl of inducing the variety of 
immunological responses necessary to either achieve 
prophylaxis in healthy individuals or forestall 
progression of disease in infected patients. Rather, a 
combination of approaches may demonstrate a true synergy 
in achieving tbes^ goals. Thus, it is conceivable that a 
combined vaccine approach incorporating a genetic vaccine, 
which mimics a true infection, and a killed or subunit 
vaccine would be an attractive way to efficiently achieve 
cytotoxic immunity and immunological memory as well as 
high levels of protective antibody. Genetic vaccines 
should serve as a safe alternative to the use of live 
vaccines and could be used in a variety of immunization 
protocols and in combination with other vaccines to 
achieve the desired results. 

EXAMPLES 

!• Construction of Vectors 

The genetic sequences for the human immunodeficiency 
virus (HIV) and simian immunodeficiency virus (SIV) have 
been fully determined, published, and are generally 
available. For example, the DNA sequence for the HIV 
strain designated LAV-l/BRU is found in GenBank at 
25 Accession Number K02013, and the nucleotide positions 

referred to below are from that sequence. Samples of both 
HIV and SIV are readily available to qualified 
experimenters through appropriate depositories in health 
research facilities. 

The HIV genetic vaccine expression vector was 
constructed to include an 8266 base pair fragment derived 
from the proviral genome of HIV strain lAV-l/BRU. The 
fragment was the portion of the HIV DNA provirus sequence 
b ginning at the Sac I site. in nucleotide position 678 and 

nding at the Xho I site at nucleotide number 8944 (the 
nucleotide numbering convention used here assumes that 
nucleotide number 1 corr spends to the first nucleotide of 



20 
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th HIV g „on,e contains all of the viral open reading 
ra.es excepting only ,or a portion which encode, the 
carboxyl terminus o£ the nef protein Thl, f 

s tr.n . ^„ ^„ ^ ^^^^^ c::::i rr:; ::r 

the RNA splicing pathways actuated in an infected cell 
during the pathogenic process initiated hy the HIV " L. 
This coding sequence fragment must be coupled to a 

to achieve expression of the viral antigenic proteins In ! 
susceptible cell, once coupled to a prLoter ttis L 
3.^«.ce fragment leads to the expression oT'^'T' 
open reading frame, fro. the virus (including 
and e„v, and ma^es us. of th. native ribosomit fL. ' 

1 bTuru^s^rtr " — 

OB utiiisKi by the virus itself. However thi, 
fragment doe. lack certain viral genetic elemenis 

the priowr binding site. Thus the fragment is incapable 
Of reverse transcription, thus inhibiting any pot«Uai 
Pathog«.ic process from occurring with tLs ^e^etH 
sequence. y^ttstic 

5 TO couple the coding sequence encoding the HIV 

c'llTL^' "'^'^ '''""i- in "a-alian 

=.U, the human cytomegalovirus (hc«v, immediate early 

promoter was used, expression cassette had been 

rptr:c:nr:LT""' " """-""^ ^ 

a SSO . P^""^" P»RS16I)2 yields 

vhich contain, .everal synthetic restriction site, which 
had been added to the end of a 619 ba.e pair region 
containing the HCMV immediate early promoter. 

l*" transcription termination segment utilized was a 
Polyadenylation sequenc from the SV40 vir... The s^40 
polyadenylation fragment is an approximately eoo base pair 

tZT 'TT " ^ « <'i/=tion,":rr: d 

from th. j,.la»id o.v2dhfr. which w„ formerly commercially 
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available from the Bethesda Research Labs, catalog number 
5369SS. The same polyadenylation fragm nt is also 
described in Sxibramani, et al., Mol. Cell. Biol. . 
1:854-864 (1981). This fragment also contains a small 
SV40 intervening sequence near the Bgl ii end, with the 
SV40 polyadenylation region lying toward the Bam HI end of 
the fragment. 

An HIV genetic vaccine expression plasmid, designated 
pCHIVpAL, was constructed in the following manner. The 
800 base pair SV40 fragment from psv2dhfr was treated with 
Klenow DNA polymerase to "fill in" the overhanging 
termini. In parallel, a quantity of Bluescript M13+SK DNA 
cleaved with Xho I (Accession Number X52325, with the Xho 
I site at position 668) and similarly treated with Klenow 
15 DNA polymerase. The two fragments were ligated resulting 
in a plasmid designated pBSpAL. The orientation of the 
SV4C fragment in the Bluescript vector was such that the 
Bam HI end, or the end containing the polyadenylation 
site, was oriented toward the main body of the polylinker 
20 contained in the plasmid. 

Quantities of the plasmid pBSpAL were then digested 
with the restriction enzymes Sac I and Sal I to create a 
plasmid having compatible ends for ligation to a fragment 
created by Xho I and Sac I digestion. To this plasmid was 
25 ligated the 8266 base pair fragment from the HIV provirus, 
resulting in a plasmid designated pHIVpAL, which now 
contains the HIV antigenic determinants coding region 
followed by the SV40 polyadenylation signal. 

Then the plasmid pHIVpAL was cleaved with the 
30 restriction enzyme Sac I, and the 3' overhanging ends were 
deleted using Klenow DNA polymerase. Into the opening 
thus created, the 660 base pair fragment containing the 
HCMV promoter (the ends of which had been filled with 
Klenow DNA polymerase) was inserted. 
35 The result is the plasmid designated in Figure 2 

which c ntains, ori nted 5' to 3', the HCMV immediate 

arly promoter, the 8266 base pair fragm nt from the HIV 
genome encoding all th important op n r ading frames on 
the virus, and the SV40 oolyadenylation fraoment. This 
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construct served as a genetic vaccine construction for the 
method of the pr sent invention. 

The SIV expression vector was constructed in a manner 
analogous to the HIV expression vector except utilizing 
in lieu of the HIV gene sequence, an 8404 base pair 
fragment from the proviral genome of SIVmac239 (found in 
GenBank at Accession No. M33262), beginning at the Nar I 
sxte at nucleotide position 823 and ending at the Sac I 
site at nucleotide position 9226 (following the same 
nucleotide numbering convention as with the HIV) . The SIV 
genome expression fragment can be substituted for the HIV 
genome fragment plasmid pCHIVpAL above. 



2. 



Introduction of Genefir v accine inm Cells in r„-.^ 

To verify the ability of the genetic construct to 
express the proper antigenic proteins in mammalian cells, 
an ia vitro test was conducted. 

Quantities of the plasmid pCHIVpAL were reproduced in 
viSro. copies of the DMA of this plasmid were then coated 
onto gold carrier particles before transfection into cells 
20 in culture. This was done by mixing 10 milligrams of 
precipitated gold powder (1.5 micron average diameter) 
With 50 microliters of 0.1 M spermidine and 25 micrograms 
of DNA of the plasmid pCHIVpAL. The mixture was incubated 
at room temperature for 10 minutes. Then, 50 microliters 
of the 2.5 M CaCl2 was added to the mixture, while 
continuously agitating, after which the sample was 
incubated an additional 3 minutes at room temperature to 
permit precipitation of the DNA onto the carrier 
particles. The mixture was centrifuged for 30 seconds in 
a microcentrifuge to concentrate the carrier particles 
with the DNA thereon, after which the carrier particles 
were washed gently with ethanol and resuspended in 10 
milliliters of ethanol in a glass capped vial. The 
resuspension of the carrier particles in the ethanol was 
aided by immersion of the vial in a sonicating wat r bath 
for several seconds. 

Th DNA-coated carrier particles were then layered 
onto 35 millimeter squar mylar sheets (1.7 cm on each 
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side) at a rate of 170 microliters of DNA-coated gold 
carrier particles per mylar sheet. This was done by 
applying the ethanol suspension of the carrier particles 
onto the carrier sheet and then allowing the ethanol to 
5 evaporate. The DNA-coated gold particles on each mylar 
sheet were then placed in an accelerated particle 
transformation apparatus of the type described in U S 
Patent No. 5,015,580, which utilizes an adjustable 
electric sparJc discharge to accelerate the carrier 
10 particle at the target cells to be transfected by the 
carrier DNA. 

Meanwhile, a culture of monkey COS-7 cells had been 
prepared in a 3.5 cm culture dish. The medium was 
temporarily removed from the COS cells, and the culture 
IS dish was inverted to serve as the target surface for the 
accelerated particle transfection process, a spark 
discharge of 8 kilovolts was utilized in the process 
described in more detail in the above-identif J ed U.S. 

20 T'''\?' '''''''''' P-^-le injection into 

20 the cells, two milliliters of fresh medium was added to 

the culture dish to facilitate continued viability of the 

cells. 

Twenty.four hours following the accelerated particle 
delivery, the medium was harvested from 35 culture dishes 
25 of the cells and concentrated to test for high molecular 
weight HIV antigens. The medium was concentrated by high 
speed centrifugation. 0.5 milliliters of the 
unconcentrated medium was set aside for future 
determination of HIV p24 content, using a commercial ELISA 
30 kit. Fresh growth medium was added to the plates to allow 
continued monitoring of HIV antigen production. The 
harvested medium was cleared of cellular debris by first 
centrifuging it 1500 RPM in a standard laboratory 
centrifuge, and then filtering it through a 0.45 micron 
35 membrane. The cl ared filtrate was layered gently onto i 
mxllUiter cushions of .20% glycerol, 100 mM KCl, 50 mM 
Tris-HCl, pH 7.8 in each of 6 ultracentrifuge tub s 
(Beckman SW41 rotor) . The samples w re centrifuged at 
35,000 RPM for 70 minutes at 4»C. Following 
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centrifugation, the medium was discarded . 

-ere resusp nded in a total of pellets 

NaCl, 50 ^ Tris-HCl, pH 7 5 V m""°'''"" " '''' ^ 

' P '•5' i inM EDTA 
The concentrated sample was q„k • 
5 electrophoresis process in a " 

-anufacturar-, directions A.J ' a«°rding to the 

0 detect the HIV viral a^tio.nf ''" to 
nurocexiuiose .J^l.^Z .l.'ZT''''' 
.■etected u,i„, . Bio-nad L!!,^,?:" -r 

specific antibodie. for the" tl! ""r Wt, 

-e retired. Por »e iTthe """" '° ""-ted 

available, were uaed. Por^^'o 1 ="-«iaUy 
antibodie. naabwr looi / ' * ■"'clonal 

«tibody „™ber 4001 frc ;>„ericH" , ^ """"'"-"^ 

i"unoblot a.,ay wa. n.,* \. ''^'■^"'<'- The 

»anufact«rer-sl^X. *° 
»»i..titutlon ofin!.\r ""^""^ ^ 

an .olutio„l.^r 1,""^'' — - 

l-«»oblot aasay reveal J ! ! '^"eloped 

treated cos cells ' a „L !, the 

and positive l^^HlrT' "° 
protein, the»,iv,. p"ll„eld ' °' """"^^ 

"■e samples .ro„ uJ^l^ X" 
""ivity, and expression „, !! """nned the 

*or,s Of the antigens were sti^L to th " 

the nor»al host cells for th. " Produced i„ 

riv d fro„ no„-tr St d coTc'^'-K " 
"activity. There „as a sl^t d!ff. °' 
"atween the gpijo band deri^ d frl " """""^ 

«iv d from the COS cells, and the 
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gpl20 band in the positive control, which was believed to 
be due to differences in glycosylation. 

To further demonstrate the production of HIV 
determinants in monkey COS cells, growth medium from 
treated cells was analyzed using a Coulter HIVp24 antigen 
assay kit {Catalog number 6603698). Samples of growth 
medium from the first three 24 hour periods following gene 
delivery were assayed for p24 antigen content, and showed 
to contain 42, 30, and 12 nanograms per milliliter 
respectively of the p24 antigen. These values reflect the 
amount of p24 antigen released into the medium during each 
24 hour period, since the growth medium for the cells was 
changed completely each day following treatment. Parallel 
samples from non-treated COS cells exhibited no 
reactivity. 

Detection of Viral AntTgpn Tn the svin mtar^f, m.-.o 
An accelerated particle transfection protocol was 
then used to deliver the plasmid pCHIVpAL into the skin of 
intact whole mice, it has previously been demonstrated 
that accelerated particles may be utilized to deliver 
genes into the epidermis or dermal layer of intact animals 
and that the genes will express once delivered. Copies of 
the plasmid pCHIVpAL were coated onto gold carrier 
particles, as described in the prior example, except that 
five micrograms of the plasmid was used per milligram of 
the gold carrier particles and the preparation was 
suspended in ethanol at a concentration of 5 mg of carrier 
particle per ml of ethanol. One hundred sixty-three 
microliters of this suspension was loaded onto each of two 
carrier sheets, for use in a particle acceleration 
protocol into intact whole mice. Two additional 
suspensions of the gold carrier particles were prepared as 
controls. The first control preparation utilized a 
plasmid containing th human growth hormone gene, and the 
second was prepared without the addition of any DNA onto 
the gold carrier particles. Six Balb/C mice wer 
anesthetized with 50 microliters of a 10:2 mixture of 
Ketamine/Rompin, and th abdominal hairs of the mice were 
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Shaved With cuppers. Hair follicle, were removed with a 
depilatory crea. (Nalr). The anesthetized ^ce wer 

particle delivery chamber uaing a plastic petri dish as a 
5 spacer, using the method described in published PCT 

application Bo. HO Sl/19781. A sc,uare hole was cut in the 
bottom Of the petri dish to allow the accelerated carrier 
particles to access the abdominal skin layer of the 
anesthetized mice ts. .1. _• 
10 sets Of t»„ I 

sets of two mice each. The mice in each of the three sets 
received a ,in,le -blast- of carrier particles 
accelerated utilising an electric dislhj,e "itat ofT 
kv. Tne mice in each of the three set. r,=.i:L 
15 ^a^" representin, the pCHIVpAi, the growth hormone 
plasnid, or the gold currier particles free of DNA 

Skin areas were excised from the treated mice, a. well a. 
from the two control mice which had not ^ ^ub" to 

20 protocols. tils^e 

20 sample, were minc«i with dissecting scissors in SOO 

"Ito°n'x'r».°' T'^^' ""-^"^nir 0.5. 

Triton X-IOO. The tissue suspension, were then 
centrifugal at 5,000 RSM for five minutes and the 
resulting supematants were collected. The supernatant 

anti,« content u.in, the Coulter HIV p24 antigen eLsa 

L 1! T"' ""^^ """" """^^"9 direction, of 
the manufacturer. Figure 3 illustrates the results of 
this protocol. Tissue samples from the pCHIvpu, treated 

samples, indicating that the treated tissue, were 
synthesizing HIV p24 antigen a. a result of the gene 
delivery protocol. After subtraction of backgroLd, this 
level of reactivity is consistent with the release ;f 0 
5 n«,o,ram. of HIV p24 antigen from the minced tissue whl 
compared to a standard curv generated with positive 
control reagents in the EUSA kit. 
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Detection of Serum igG Antibodies SnA/~i f,->^ to 
HIV p24 i .n Vaccinated Mice 

The next experiment was conducted to test the ability 
of mice to exhibit a systemic immune response to foreign 
proteins expressed as a result of gene delivery into 
epidermal cells of the mice. Copies of the plasmid 
pCHIVpAL were created and coated onto gold carrier 
particles as described in Examples 1 and 2 above, except 
that 10 micrograms of plasmid DNA was used per milligram 
of the gold carrier particles. As a control, a 
heterologous plasmid containing the human growth -hormone 
gene was also used for preparing plasmid-coated gold 
carrier particles for in vivo gene delivery. For this 
15 example, 5.0 micrograms of DNA was used per milligram of 
gold carrier particles due, to the smaller size of human 
growth hormone plasmid, and so as to have approximately 
the same number of copies of the plasmid delivered to the 
cells in vivo . 

Ten male Balb/C mice (5 to 7 weeks old) were divided 
into three groups of four, three, and three mice, 
respectively. A first step of priming immunization was 
conducted on the four mice in group 1, in which each 
received a single treatment of accelerated particles 
coated only with the growth hormone plasmid. The 
acceleration was conducted at 25 kv by the method as 
described in Example 3 above. The three mice in group 2 
each received a single treatment of gold carrier particles 
coated with the plasmid pCHIVpAL. The mice in group 3 
each received three abdominal treatments of accelerated 
particles which were coated with pCHIVpAL. in the case of 
group 3, the blast areas were arranged so as not to be 
overlapping. The blasting routine for all three of the 
groups was repeated four and seven weeks later in order to 
35 boost the immune responses. Eight to ten days foil wing 

the last treatment, retro-orbital blood samples were taken 
from each mouse and allowed to coagulate at 4*»c in 
microtainer tubes. Following centrifugation at 5000 RPM, 
the serum was collected. 
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An assay was next conducted to detect HIV 
p24-specific antibodi s in the mous ser.^ by an enzyme 
«noassay. This assay was performed by JsorliZTl 
mxcrograms of recombinant HIV p24 antiaen f^l 
5 Bin-'ror-Kr,^! antigen (American 

Bio-Teclmologias, l„c.) to each well of a 96 „eU 

mcrottter plate i„ 50 nlcroUter Dulbecco-s phoephate 
buffered saline ^D.pnsi k,, w . t>no»pnate 
. (D-PBS) by incubating overnight at i'r 

Follows, acorbtlon of the antigen, the reJiniL L^in 
binding site. ^ ^^^^^^ of d-pbs 

^"e well, were then washed thre 
With 300 microliters D-PBS containing 0.025, 
Tween-20. The serum samples of 5 microliters 
..Uuted 1.10 With D-PBS ,45 microliter: a": aXTa 
s«>gle well following which they were incubated at rot, 
t»p«:ature for one hour. After washing with d-pbs 
Tveen-20 a. described above, the presence of b^und mouse 
antibody was detected using a goat-anti-mouse altauT 
Phosphatase conjugated second antibody (Bio-Rad, ca^L 
num^r 1,2.1015, diluted 1,1500 in O-PBS-Twe J o'^T ' 
mxcrolxters per well,. After incubation for 30 Jutes at 
room temperature, the wells were washed again and tie 
conjugated antibody was detected using a Bio-Rad al^Iiine 
Phosphatase substrate kit (Catalog »o. 172-1„„, ac^rd" 
to the manufacturer's instructions. The ELISA pi.te was 
analy«d on a microplate reader using a 405 nm filter 
4 O^oTT"'-'" "^-trat«, in Figure 

bias! V K '""P >4le 

from the group which received three blasts of the saj 
particles e^ii.ited significant p24-specific antLdT 

ITIZ ^ '° " '^^^ All Of th'e 

ZL IT. «=*iWted typical background 

ELISA reactivity. This example demonstrate, the 
feasibility of Inducing antigen-specific antibody 
responses following epid rmal delivery of antigen-encoded 
g nes coated on carrier particl s into cell, i' an tn^a^t 
animal in vivo . intact 
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Thus it is demonstrated that circulating levels of 
antibodies to an iimnunodef iciency virus antigens can be 
created in vivo by delivering into the patient not 
quantities of the antigenic proteins of the virus, or the 
virus itself, but rather by instead delivering into the 
patxent to be treated gene sequences causing expression of 
the antigenic proteins in cells in the vaccinated 
individual. This method thus enables the creation of a 
serum antibody response in vaccinated individuals without 
the necessity for delivering into the individual either 
any portions of live virus or any portions of the genetic 
material which are capable of effectuating replication of 
the virus in individuals. 
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1. A method of vaccinating an animal against a 
virus which causes a disease, the method comprising the 
steps of 

^ preparing copies of a foreign genetic 

construction including a promoter operative in cells of 
the animal and a protein coding region coding for a 
determinant produced by the virus; 

(b) coating the copies of the foreign genetic 
construction onto carrier particles small in size in 
relation to the size of the cells of the animal; and 

(c) accelerating the coated carrier particles into 
cells of the animal in vivo . 



10 



2. A method as claimed in claim l wherein the 
carrier particles are coated onto a planar carrier sheet 
and accelerated by a gaseous discharge in order to 
accelerate the carrier particles at the animal, 

20 3. A method as claimed in claim 1 wherein the 

carrier particles are directed at the skin of the animal. 



4. A method as claimed in claim 1 wherein the 

25 r""^^^ P^^icles are directed at the mucosal membranes of 
the animal. 



5. A method as claimed in claim l wherein the 
carrier particles are directed at peripheral blood 
lymphocyt s of th animal. 



30 
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6. 



A method as claimed in claim 1 wherein the 
protein coding region includes DNA sufficient to code for 
all of the det rminants encoded by the viral genome but 
omitting sequences essential for viral replication. 



7. 



A method of inducing an immunological response 
to a viral antipn in an individual comprising 

(a) Preparing copies of a foreign genetic 
construction including a promoter operative in cells of 
the individual and a protein coding region coding for a 
determinant of the viral antigen, the foreign genetic 
construction not including sequences necessary for 
replication of the virus . ; 

(b) coating the copies of the foreign genetic 
construction onto carrier particles small in size in 
relation to the size of the cells of the individual; and 

(c) accelerating the coated carrier particles into 
cells of the animal in vivo . 



^° 8. A method as claimed in claim 7 wherein the 

carrier particles are coated onto a planar carrier sheet 
and accelerated by a gaseous discharge in order to 
accelerate the carrier particles at the animal. 



9. A method as claimed in claim 7 wherein the 
carrier particles are directed at the skin of the animal, 



10. A method as claimed in claim 7 wherein the 
carrier particles are directed at the mucosal membranes of 
30 th animal. 
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11. A method as claimed in claim 7 wh rein the 
carrier particles are directed at the peripheral blood 
lymphocytes of the animal. 



12. A method as claimed in claim 7 wherein the 
protein coding region includes DNA sufficient to code for 
all of the determinants encoded by the viral genome 
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15 
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. 13. A method of inducing an immunological response 
to an immunodeficiency virus in a primate coa^rising the 

S'teps of 

(a) preparing copies of a foreign genetic 
construction including a promoter operative in cells of 
the primate and a protein coding region including all of 
the open reading frames of the viral genome, the foreign 
genetic construction not including regions necessary for 
reverse transcription or viral replication; 

(b) coating the copies of the foreign genetic 
construction onto carrier particles small in size in 
relation to the size of the cells of the primate; and 

.on ""^^'"ing the coated carrier particles into 

cells of the primate ia vivo. 



25 



14. A method as claimed in claim 13 wherein the 
carrier particles are coated onto a planar carrier sheet 
and accelerated by a gaseous discharge in order to 
accelerate the carrier particles at the animal. 



30 



15. Am thod as claimed in claim 13 wherein the 
carrier particl s ar direct d at the skin of the animal. 
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-so- 
le. A method as claimed in claim 13 wherein the 
carrier particles are directed at the mucosal membranes of 
th animal . 



17. A method as claimed in claim 13 wherein the 
carrier particles are directed at peripheral blood cells 
of the animal. 



18. A method as claimed 
regions necessary for reverse 
terminal repeat sequences and 



in claim 13 wherein the 
transcription are the long 
the primer binding site. 



15 



19. A DMA construction comprising a promoter 
effective in human cells upstream of a DNA sequence 
derived from an iamiunodeficiency virus and including all 
of the reading frames from the virus but omitting the long 
terminal repeat sequences. 
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■ No Treatment 
^DNA-Free Gold 
HHu-Growth Hormone 
□ pC-HIV-pAL 




Balb/C Mice 



Fig. 3 



4 



wo 93/17706 



PCT/1/S93/02338 



4/4 




Balb/C Mice 



Fig. 4 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 



Intcniational application No. 
PCT/US93/02338 



^n^i*^"*^*"^'^ SUBJECT MATTER 
f^^^' ^^^^ 39/12: C07H lS/12 
USCL :U.S. CL: 424/89; 536^27 

mu^u^ documentaUon searched (cL«.iiicaUo„ sys.™ foUowcd by cl«3il5catio„ symbol,, 
U S. : U.S. CL: 424/89; 536/27 

g. .eana tenn.. HIV. geattuj mununiiation. g.«ous accetoution, targeted deliveor 
DOCUMENTS CONSIDERED TO BE BPl itvaiut. 



Caiegoiy' 

X 



Citation of documcm. with indication, whe.. appn.pri,tc. of .he rd^ passa ge, 

WO.^A. 91/00359 (BriU. et al) 10 January 1991. see page 5. lines 

"rf':;' '^^"^^ ""^'^^^ issued 

December 1^, Yang et al. "Inv^yp and In vitro Gene Transfer ^ 
Mammahan Somatic Cells By Particle BonSent'fSS^ 
9572, especially 9568-9569. ^ 

fiSf 'SS'T..^^'' No. 28. issued 21 November 



^ f oitterdoeumeotg ve listed in 

SpseU I'M f IN ju of cited 



theooHlinuationofBcxC. Q See patent fimdly «mex. 



1-12 



19 



•r 

•L* 

•<>• 
•p* 



""' ' PAWe* 0. or ite ihe intmtftaai Ohi dtie 

4i«*«n^ BUriUfco o, ^ 



r pnonty 



Pjrt»*» reterwwe; (he duaed tnvcatioa 



I Dveniiveittp 



^y^«f «tevttce; the cliiaied 



Date Of the actual completion of the iatenutional search" 
06 May 1993 

Name and mailing address of the ISA/US 
£™^»<wof Puemi tnd Tndfimarto 

Wuh^ypoa, D.C. 2Q23I 
PacsireiteN. NOT APPt JCABLE 
Foim PCT/ISA/210 (second 8heet)(July 19%)* 



doeuaeBt meniber of (bo 



Daxc of mailing of the international search i 



17MAY19i 



Authorized ofGcer 

L. F. SMITH ^ ^ 
Telephon e N . , r703) 3<»-01»6 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US93/02338 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of docuraem, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 
Y 


US, A, 5,036,006 (Sanford et al) 30 July 1991, column 4, lines 
25-40. 

WO, A, 91/07487 gohnston, et al) abstract, pages 3-5 and 8-12. 


1-18 
1-18 



Fbnn PCT/ISA/210 (comiauation f second 8hect)(July 1992)* 



